LONG RANGE BEAM-BEAM EFFECTS

*
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We su=zarize and discuss here the
veral calculations coneerning the ineoherent
ceraction between S50 beams within an  interaction

regton (IR}, but away from the crossing point (IP).
wWa shall assumes that both beams consist of protons.
Thus, the beams cross at a small tut nonzero angle {a)
and have no shielding between them only for a limited
diatance (L) on either side of the crossing point (see

rasults ol

rigure).
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TRe rollowing general
chservations will be used liberally:

definitions and

The diatance between bunches in a beam 1s d.
Thus, a bunch travels a distance d/2 between polnts at
.ich it is at the same azimuth as a bunch from the
wpposing  beam. Assuming no deviation from the
azraight—-line paths shown in the figure, l.e., on the
~losed orpit in the limit of zero beawm—beam
\teraction, the distance between such passing buanches
.3 =-g}s|, where s is the (algebralc]} distance to the
Ir. '

Tne beta runctions in a field-free IR depand on s
according to 8 -a'[1¢(slll)’]. wheras | I8 x or ¥y,
Since typically ﬁ 15 thus close, over most of
tas I1, to s’la’ Th& slze of a bunch along the i-axis
‘dapands 1,2 zimuth acgording to °1(°) -
c'Lﬂ (s)le = 8[01’!;].

Closed-0Orbit Distortion

The harizontal cliosed orbit distortion in elther
bean at azimuth s dus to long range beam-bean
interacsions in an IR centered at s=0 is given by
{crf. Ref. 1, eq.{(2.91))
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‘n forculating this expression, we have aasumed that
the <distance between opposing bunches_that paas at
azimutn 3 is the noninteracting value co|s{. We have
1150 taken the liberty of smearing the charge that one
,32q sees in the opposing beam into a sad2oth unbunched
dispriousion. We have also assumed that the reference
paint s is not contained in the iZ in quastion, and
{see b2low) that trere are no excep-ional giaps in the
neam.
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_ when Ezs’. which is the case for
s-integration”in {1}, thz second Iintegral in square

brackaets Ls approximately (r/2)} sgn s. Therefore, it
follows from (1) that

nost of the
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For a representative
curved brackets,
o;an. E=20 TeV.

estimate of ths quantity in
take K=10'%, g=50yrad, L-80m, d=6cz,
Then

tGO‘E } - 10‘ - . (3)

Thus long range effects in severzl IR can cause the
beaws at tha IP tn a distinet IR to miss, or at least

to hit very much off center, If no correctivs measures
are taken.

Equation (1) is ta be scodiffed In a
straightforward way when 3 1a contained in the IR
whose long range effects are Dbeing evaluated. When
this modification 13 taken 1nto account, one finds
that an IR contributes zerc to the closed-orbit
distortion (although not to its derivative) at ita own
IP (although not at the IP's in other IR's).

Nonlinearities

Let I and &_represant the vartical canonlcal
astion and’angla for the linear collisian-free part of
the equations of motion of a proton in one of the two
storage rings. Then the long range bsam-bean
interacttons in a single IR make the following
contribution (up to an overall phase; for small a; and
to leading order in powers of I) to the Fourier
coslficient of exp L(N_ 8 +2rnalcy) in the proton‘s
complete Hamiltonian,
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where C is the storage ring clrcunference, and <I > is
equivalent to o2/g, = {(e®)?/8%. Expression (83 ¥1s a
noniinzar ganeralxzayion ofYtne Yforoulas derived in
Ref. 2. This expression is valid 2z long as the beaa
separation is much larger than the beam width, 1i. ?’2
o «¢fsla, 1.e., a2<<a8%; and as long as f<r_r¢1 >3
/2[a?*/9*1. As in the preceding sszaetlen,” we’ have
implicitIy ydﬂbun‘hed tha charge distribution in the
opposing beam.  Tne sane expression, with y replacac
by x, deseribes the coefficient of exp I{n ©
XX
2ans/CY.



Expression (4) is to be compareid with the
cignitude of the contribution dus to ths primary
baam-bzac collision ai the center of the IR. once
again  ignoring the bunching of the opposing beawm, w2
obtain this magnitude by foraing tne cozhination
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wiere the functions R and D' hive bzan
Manth (Ref. 3, Figures 1 and 2b) for ln
and 14. The variable r is equal to [r¥ /(I >]
is the primary beam~beam tuneshift. Y

tabulated by

?’éo 12

In the aceonmpanying table, we give rough values
for thz ratioc of expresston (4} to expression (5), for
dilferent values of r, and different values of |n |,
for the paracgeter values given in the preced¥ng
sactlon, supplieoented by Av=.002. The blanks
eorrespond to values of Rl l that are too small to be

y
reacd from the associated graph in Ref. 2. It seems
clea~ that in this case the short-range nonlinearites
domainate, even though th2 long-rangs interactlons can
produce a linear tuneshift
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per IPF, that can be comparable to Av. For the
paramaters used In the table, &v is «.001=~av/2. {In
experiments at SPEAR,"® with one bunch per beam and no
short—-range crossings, long-range nonlinearities were
found to be neglligible as long as the long-range
distance of closest approach was greater than about
three-halvea times the largest transverse beam
dimension.}

1971) pp. 257~411.

Table: Ratlo of (U} to (5)
" n_|=6 n._}=8 n |=10 n l=12
In, | In.} in, | fn|
1 .aoz
2 .01 .0003%
3 .04 : 004 .0004
4 .2 .02 002 0002
"pPac-Man" Effect

A substantial long range tuneshift and/or 1long

range closed orbit distortion becomes problematical

when the 55C beams contain long (»>d) gaps. Such gaps
were considered at this Workshop as a means of keeping
high-intensity beam away from an abort system between
the time the systex turns on, and the time at which it
is fully powered.

Imagine now a bunch that anters an IR when part
of a gap in the opposing beam is also passing through
the sarne IR. This bunch passes fewer than the full
EL/d opposing bunchea that it would pass if the gap

. were not present, Thus this IR contributes leas to
tne long-range tuneshift of this bunch, and to its
closed orbit distertvion,<in other IR's, $han what It
would contribute if the gap were not present. This IR
2150 now makes a noazero contribution at 1ts own IP to
the closed-orbit distortion of this bunct

One can imagine that 1If tnese <changes, whiech
distinguish such a bunch from the typleal bunch, were

not specially corrected, then such a gap-encc
bunch might thereby eventuzily bacome sigrnificantly
degraded, either  because of repeaied unstabla
off-center closa beaz-bezn collisions, gr Desaus: iz
tuna  is shifted frem the narrow range wilhin whic

R2ad-on high-current b2am-beam collisions are szasle.
In this way, a gap ir one beaxn mignt croate O -13%817 &
&3p in the opposing beam, wnieh couid i=x Tur

elizinate or degrage more bunches tn the firs: Seas

and s0 on. One s reminded of the dai-eating
protagonist in the electronic arcade game *Pac—-Man."

Several possible cures for this problex were

mentioned at this Workshop: (1) Separate =:tune and
orbit contrel for separate bunches. (2) Use of

non-superconducting and/ocr wide-aperture magnats in
the vicinity of the avort system. In this way, one
might be able to frorege a gap in the beas, besause
then beam loss during the onset of abort might no: b2
s0 damaging. (3) Development of novel fas: abort
mzthods, perhaps using RF Kickers.
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